Abstract-We report a measurement of effective refractive index of a nematic liquid crystal Fabry-Perot etalon according to the applied static electric field intensity. The effective refractive index decreases from 1.67 to 1.51 as the applied electric field intensity is increased.
INTRODUCTION
Liquid crystal (LC) materials have effective refractive index which can be easily changed by thermal, electric and magnetic fields. The LC devices in optical fiber sensors [1] [2] have attracted to measure the electric field in the electric power industry. In particular, a Fabry-Perot (F-P) etalon with LC [3] [4] as an active medium has advantages such as simple structure, high finesse, low-voltage drive, and economy. In general, the nematic liquid crystal (NLC) in the F-P etalon is homogeneously aligned between the alignment layers. The alignment of the NLC directors is gradually reoriented according to the applied electric field intensity. In this paper, we demonstrate a measurement of effective refractive index for the nematic liquid crystal Fabry-Perot (NLC F-P) etalon using the wide-band wavelength-swept source. The effective refractive index depends on the applied static electric field intensity.
II. EXPERIMENTS
The F-P etalon is fabricated by inserting the commercial 4-cyano-4'-pentylbiphenyl (5CB, from Merck) between parallel gold layers. This compound exhibits nematic-phase properties in the temperature range of 24 °C to 36 °C. The gold layers having highly reflective surfaces are used as the electrodes. The thicknesses of the gold layer and the liquid crystal layer in the F-P etalon are approximately 30 nm and 55 m, respectively. The reflectivity of the gold layer and insertion loss of the NLC F-P etalon are ~ 90% and ~ 20 dB. Figure 1 shows the experimental set up for measuring the effective refractive index of the NLC-F-P etalon. A wide-band, highpower wavelength-swept laser (WSL) incorporating a polygonscanner-based wavelength filter is used as an optical source. Two SOAs are used to improve the output power of the WSL. The center wavelength of the WSL is approximately 1300 nm, and the output power is approximately 20 mW. The collimated output beam from the WSL goes to the NLC F-P etalon through a linear polarizer. The operation of the NLC F-P etalon is controlled by an arbitrary function generator (Tabor electronics Inc., 8023) that applies the static electric fields. The output of the NLC F-P etalon is collected by a collimator and measured with an optical spectrum analyzer. When linearly polarized input light is incident on the cell along an arbitrary direction, there are two orthogonal components in the homogeneously aligned NLC for the polarization direction of the light. Since the NLC is a birefringent material which has two refractive indices such as n o (ordinary refractive index) for the ordinary mode and n e (extraordinary refractive index) for the extraordinary mode, the polarization of the input beam through the polarizer can be controlled with the direction of the extraordinary mode by using the polarization controller. Therefore, there only exists the n e mode of the transmitted peaks form the NLC F-P etalon in the optical spectrum. Figure  2 shows the optical spectrum of the transmitted output from the NLC F-P etalon under an electric field of 10 mV rms /m. By selecting two consecutive wavelengths of the transmitted peaks,
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Here, N denotes the order number of interference, n eff the effective refractive index of the NLC, d the cell thickness, and � � the N-th wavelength of the transmitted peak. Figure 2 Optical spectrum of the transmitted output from the NLC F-P etalon Figure 3 shows the characteristics of the wavelength tuning from the NLC F-P etalon in the extraordinary mode. Under the threshold voltage corresponding to the Freedericks transition, the wavelengths of the transmitted peaks do not shift with the applied electric field. However, above the threshold voltage, the wavelengths of the transmitted peaks begin to shift toward the shorter-wavelength region as the applied electric field increases. The threshold value of the electric field was 14 mV rms /m for the observed NLC cell. 
